Abstract
Introduction
The issue of group development stages has been widely investigated since Bales and Strodtbeck introduction the phenomenon of development stages in a group or a team [1] [2] [3] [4] . Many studies had explored the development stages of the traditional project team by qualitative method. However, little attention had been paid to the virtual project team. Moreover, the scholars had no tried to provide quantitative method to explain the issue of team development stages.
A virtual project team is the important concept, especially, the industry's competitive focus has shifted from the traditional and local environment to the global market in recent years. Among the extensive literatures on virtual project team, researchers were mainly concerned about the issue of technology [5] [6] [7] . However, a virtual project team is similar to a traditional project team that is composed of individuals. They face the same challenges. In particular, Hartman and Guss (1996) proposed that, when an organization promotes the virtual team, the social and industrial cultures affect the team's collaborative success more than information technology does [8] . For these reasons, many studies have arisen over behavioral problems or phenomenon in virtual project team in recent years [9] [10] [11] .
Although, the researches on virtual project team have becoming increasingly prominent in recent years, in addition, we also know that a virtual project team is a kind of important strategy for the globally competitive market today. To date, there still have been few researches conducted on the virtual project team's life cycle or development stages.
The goal of this study is develop the quantitative indicator in order to objectively identify each development stage of virtual project team. We based on the view of the social interaction perspective to explore the phenomenon of the development stages of virtual project team, because the factor of interaction among the members is a very important in a project's successful completion [12] [13] . We observe the interactions between the virtual project team members through a simple experiment. We hope the findings will help us to understand the phenomenon of virtual project team's development stages. Hertel et al. (2004) defined the virtual team as a work group with members collaborating from geographically distant locations, using electronic communication media, and reflecting the recent trends of globalization and interdependent teamwork [14] . Anderson et al. (2007) virtual team is used to cover a wide range of activities and forms of technology-supported work [15] . Ebrahim et al. (2009) summarized the definition of a virtual team as a small, temporary group of geographically, organizationally and/or time dispersed knowledge workers who coordinate their work predominantly using electronic information and communication technologies in order to accomplish one or more organizational tasks [16] . Duarte and Snyder (2000) defined the seven basic types of virtual team: networked teams, parallel teams, project or product-development teams, work or production teams, service teams, management teams, and action teams [17] . So, we can know that the virtual project team is a kind of virtual team. A virtual project team usually exists for a longer period of time and has a charter to make decisions, not just recommendations. The members are similar to those in a networked team, who may rotate on and off the project, as their expertise is needed. However, a project team is clearly defined in terms of their final project. It is different from the networked team [17] [18] [19] . Bennis and Shepard (1956) defined group and team development as focusing on the group's need to improve its communication patterns [2] . Sarri and Galinsky (1974) defined group development as changes over time to the internal structures, processes, and culture of the group [20] . Schutz (1958) identified a three-stage model of team development, which includes the inclusion, control, and affection stages [21] . Inclusion is the initial stage of this model, when individuals begin their group life, and are primarily concerned about whether the team will accept them or not [21] [22] . The next stage is control, when the team members begin to focus on issues of leadership and structure. They assume positions of authority, advance ideas within the team, and try to affect others' opinions [21] [22] . The final stage is affection, when individuals become concerned with building emotional attachments with other members. In general, this is the end of the team's life cycle [21] [22] .
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Social networks and the method of social network analysis have attracted considerable interest and curiosity from the social and behavioral science community in recent decades [23] [24] . In past studies, social network analysis is used to observe the members' interaction in a group using quantitative indicators [25] . The main function of social network analysis is to observe these social actors' relationships and their characteristics, and determine these relations' effects on individuals or organizations [26] [27] . In social network analysis, there are some basic units, such as nodes and ties. Nodes are social entities, which can be individual or other units, while ties are the social relationships between two nodes at a given time (e.g. corporations in a business network); these can be interactions or associations, such as business dealings or friendships [28] .
Methodology
Participants
We created a simple experiment to prove our preliminary ideas and explore which quantitative indicators are suitable for analysis in this study. 8 undergraduates are assigned to a virtual project teams in the experiment. They must complete an IS project through virtual team work, and use an electronic communication system that is implemented by us to communicate with each other. All of the participants are selected from the student population at a Taiwanese university. The 8 students are undergraduates studying information management. They are assumed to be highly computer literate. All of the participants completed every phase of the research. 6 of the participants are male and 2 are female. They came from various towns and cities in Taiwan. The age of the participants ranged from 20 to 29 years old.
Procedure
At the beginning, we introduce the electronic communication system to the participants at the meeting. The participants must introduce themselves, give their team a name and select a secretary who will report the team consensus results to us. There are a few things to note: the secretary is not the leader. He/she only assist us in monitoring the progress of the team and the consensus solutions, because the impact of leadership style is not our concern in this study. We also introduce the project to each participant. The details include the project's scope, purpose, and deadline. Based on this information, these participants plan their schedules and assign the work to each member.
The team should check their progress weekly. We access their interaction and communication logs from the electronic communication system at the same time. When this project is completed, our research procedure is also finished. The total duration of this procedure is two months.
Data Analysis
The indictor of social network analysis is used to analyze these logs, which are the participant's communications about their projects. We observe the indicator, intensity, in these actions. Before we observe the indicator, we must collect the participants' communication records first.
In order to compute the indicator of social network analysis, we must convert these raw text data into a numeric matrix. A degree is a base unit of social network analysis, and is of two types, in-degree and out-degree. The in-degree means the sum of contacts that a node receives from other nodes, while out-degree means the sum of contacts from one node to the others. For example, with two members (members A and B) in a team (see Figure 1) , member A has sent a message to member B, so member A is recorded as an out-degree. Member B, who has received a message from member A, is recorded as an in-degree. On the other hand, for convenience, we identify the hybrid-degree, which is used to sum up the in-degree and out-degree. The hybrid-degree is similar to the concept of an undirected graph, avoiding the effect of direction. Intensity mainly means the strength of a relationship [29] . Tichy et al. (1979) noted that intensity is the number of contacts during a unit of time [30] . The literature on intensity includes the relationship between the virtualization degree and the intensity of the team's communication [31] , the intensity of using social websites (e.g. Facebook) and social capital [32] , the intensity of the communication, project assignments and groupings [33] , etc. In addition, some researchers have pointed out that intensity involves the infrequency of interaction [34] . Communication is also a kind of interaction, so we disregard the contents of these members' communications in this study and, based on the indicator of intensity, we can observe not only the communication situations of a specific member or all members at the same time, but also how these situations change over time.
The formula for intensity is as follows: When the intensity is greater, we can consider the relationship between the members as stronger in this study. On the other hand, when the intensity is smaller, we can consider their relationship to be weaker. To take a hypothetical example, a team consists of four members (A, B, C and D). Their communications are shown in Figure 2 . From Table 1 , we see that member A has one in-degree intensity from member B; member B also has one in-degree intensity from member A; member C does not have any in-degree intensity; and, lastly, member D has two in-degree intensities from members B and C.
From Table 2 , we see that member A has one out-degree intensity to B; member B has two outdegree intensities to members A and D; member C has one out-degree intensity to member D; and member D does not have any out-degree intensity.
In addition, we combine in-degree and out-degree into hybrid-degree intensity. Both members A and B have two in-degree intensities and two out-degree intensities. That is, there are two intensities not only from member A to member B, but also from member B to member A. From Table 3 , we see that member A has two hybrid-degree intensities; member B has three hybrid-degree intensities; member C has one hybrid-degree intensity; and member D has two hybrid-degree intensities.
Data analysis
Raw data and transformation
We collect the raw data from our electronic communication system. Table 4 shows an example of the raw data in this study. For instance, the first record is that Member01 said hi to Member02 at 16:30:30, 11 March 2010. After collecting these raw data, we must transfer them to a relational matrix for further analysis. First, we are unconcerned with the members' communication content in this study. The frequency of communication is our present concern. For this reason, the raw data which we analyze exclude the communication content. In addition, the relational matrix is classified according to the direction of communication. The three kinds of relational matrix are the in-degree matrix, out-degree matrix and hybrid-degree matrix. Among these matrices, the hybrid-degree combines the in-degree and out-degree matrices, so it includes the undirected graph. We mainly observe the hybrid-degree intensity, because it is more complete situation.
Measuring the indicator
We apply formula 1 to sum up the intensity of team (as shown in Table 5 ). We know that the strongest intensity is in the third meeting (0.190). The sixth time (0.077) is the weakest intensity. Table 5 , we can prove that the indicator of intensity can identity the teams' communication frequency. This can help us to observe a virtual team's communication strength within each time unit, and also tells us which time unit is the strongest or weakest degree. Figure 3 shows that the team change their hybrid-degree intensity all the time. In this figure, the yaxis shows the degree of intensity, and the x-axis shows the times, such as T01 being noted as the first meeting. From Figure 3 , we see that the team is showing the phenomenon of an S curve in the undirected situation. T01  T02  T03  T04  T05  T06 T07 T08
Discussion
Figure 3. Trend of hybrid-degree intensity at all time
In general, we can divide this curve into three stages. As shown in Figure 3 , this curve moves up from T01 to T03 which is identified to the first stage. The team members are unfamiliar with each other in the initial stage. In order to understand each other and their task in this project, they will have to engage in more interaction and communication in this stage. However, this curve decreases from T03 to T06. After the first stage, the team members understand their mission and objective, and start working on the project, not yet feeling the pressure of time. This is the reason why the hybrid-degree intensity is decreasing in this stage. After decreasing to some degree, this curve gradually increases. Hybrid-degree intensity gradually develops to T08. Because the team members feel the pressure of time to finish their project, there is more communication and interaction, so the hybrid-degree intensity again increases during this stage. Schutz (1958) proposed FIRO (Fundamental Interpersonal Relations Orientation) theory, which suggests that all individuals have three issues: inclusion, control, and affection, during the process of team or group development [21] [22] . These issues exist all the time in the life cycle of a team or group. However, their influences are different from stage to stage.
In the inclusion stage, individuals hope to be a member of a team or group. They join in and act with the group through fear of isolation [21] [22] . This phenomenon is shown in our indicator. The characteristic of our first stage is growing intensity. The indicator show that the characteristics conform to Schutz's inclusion stage. Because individuals actively join in with the group's actions, the intensity rises. In order to resist the group's effect, members conflict with each other in Schutz's control stage [21] [22] . In this stage, our indicator -intensity is gradual downtrend. The reason is that the individuals resist each other. In Schutz's affection stage, the members develop a positive and supportable interpersonal relationship [21] [22] . In our third stage, the intensity also grows. This phenomenon conforms to Schutz's theories. Because members develop positive and supportable interpersonal relationships, their communications and interactions increase compared with the second stage. This is why intensity rises during this stage.
Why we observe the hybrid-degree intensity only, because, in general, in-degree, out-degree, and hybrid-degree intensity are consistent with each another, these results are predictable. When a message is sent, there must be someone receiving it. It means that the out-degree produces an in-degree. So, the in-degree and out-degree are always symmetrical. In other words, intensity is based on the degree computed. Naturally, the in-degree intensity and out-degree intensity are also symmetrical, since they are both consistent with hybrid-degree intensity. It is clear that, when we observe the intensity degree from the team or group level, we can ignore direction.
Conclusion
In this study, we verify the phenomenon of the life cycle of virtual project teams. We also compare our study with the literature in order to identify the three stages of the life cycle based on the concept of social network analysis. In our quantified approach, we prove a quantitative indicator to help us to identify the stages of the life cycle, and that these findings are in line with previous studies. From the team-development perspective, the hybrid-degree situation is a macro view point from which to observe the curve changes of a virtual project team.
We also identify the indicator's characteristics during each stage. Intensity has an upward trend in the initial stage. In the second stage, intensity moves to a downward trend and, in the final stage, intensity moves to an upward trend. These preliminary findings provide us with a more objective view for exploring the development stages of virtual project teams compared with traditional methods.
Lastly, this quantitative approach will help us to understand how teams evolve and how they may encounter different problems at different stages of their development. It provides a simple, quick, and useful way to consider how we humans communicate and interact in team situations, and it supports managers or leaders who can highlight the need to manage different aspects of team behavior at each stage of that development.
Research Limitations
The perspective of social interaction is our focus in this research. So we limit our discussion to the variation of the indicator in the development stages. We are unconcerned with effectiveness of the leadership or other factors that will impact on the teams' performance and benefit. The second limitation is that we do not explore projects of different types. In addition, the issue of the team members' characteristics is likely to puzzle researchers. Another problem is that the members who communicate and interact in a virtual team use not only the electronic communication system but also other information technologies, such as email, faxes, telephones, etc. Since the study involved only using the electronic communication system, the results contain some discrepancies compared with the real environment.
Future Work
Although the present study has yielded findings that have both theoretical and practical implications, its design is not flawless. This study is designed by the approach of simple experiment. The sample size is not enough to make overall generalizations. In further research, we could collect real data about virtual teams to support our findings. On the other hand, we could also explore different types of project.
Moreover, the time that the virtual teams spend completing their projects last for only two months because we observed only small projects. In the future, we could investigate lengthier or larger projects. Of course, the complexity of the projects should also be taken into consideration.
Regarding indicators, we could assess more indicators based on the concept of social network analysis or other perspectives, and could also focus on one indicator itself.
